The aim of the current study was to examine the relationship between the straight leg raising (SLR) repetition count and both the knee extension strength (KES) and walking independence. Methods: We enrolled 106 inpatients aged ≥20 years with collagen disease in a cross-sectional study. We measured the SLR repetition count, KES, and walking independence of each participant. The correlations between the SLR repetition count and KES/walking independence were then examined. Furthermore, patients were divided into three groups depending on their SLR repetition count (low, medium, or high), and the differences among the groups were analyzed. Results: A moderately significant correlation was found between the SLR repetition count and KES (right: r=0.46, P<0.01; left: r=0.55, P<0.01). Moreover, there was a strong correlation between the maximum SLR repetition count and walking independence (r=0.74, P<0.01). Differences in KES and walking independence were observed among the SLR repetition groups (P<0.01). KES and walking independence in the group with a low repetition count were 0.08±0.04 kgf/kg and 1 (1-4) point, whereas the values in the group with a medium repetition count were 0.25±0.08 kgf/kg and 5 (1-7) points and those in the group with a high repetition count were 0.40±0.13 kgf/kg and 7 (4-7) points. Conclusion: The SLR repetition count is related to KES and walking independence. SLR repetition counts can be used in the clinical setting for the assessment of lower limb strength and walking independence.
INTRODUCTION
There are several methods for assessing lower limb function in the context of rehabilitation, including tests for measuring lower limb muscle strength. These methods include manual muscle testing (MMT) 1) using hand-held dynamometers (HHDs) 2) and isokinetic dynamometers 3) ; balance tests, such as the functional reach test (FRT) 4) and the Berg balance scale (BBS) 5) ; and complex performance tests, such as the timed up and go (TUG) test 6) and the 30-s chair stand (CS-30) test. 7) These tests measure walking independence with good validity and reliability. [8] [9] [10] However, such tests require a measuring instrument and a suitable place to perform the measurements, and they can be time-consuming. Hospitalized patients in acute care hospitals are often bed-bound because of problems related to treatment and/or their general condition. In particular, those with collagen disease are often confined to bed to undergo corticosteroid treatment, making it difficult to perform muscle strength tests that require a designated place and time. Therefore, we believe that a simple test that can be performed at the bedside is desirable for patients with collagen disease.
Straight leg raising (SLR) is widely used by physiotherapists in clinical situations. Although hip flexion and knee extension in the sitting position are single-muscle evaluations for the iliopsoas and quadriceps, SLR requires hip flexor, knee extensor, and abdominal muscle activities. 11, 12) Moreover, even in patients who cannot achieve a sitting position or for whom the required rest level demands the lying position, SLR can be easily performed with the patient on a bed, irrespective of their mobility. Furthermore, the test results can be easily quantified as the SLR repetition count. Therefore, we used the SLR repetition count to evaluate lower limb function. We hypothesized that the SLR repetition count is related to the muscular strength of the lower limbs and to walking independence.
The purpose of the current study was to examine the relationships between the SLR repetition count and knee extension strength (KES) and between the SLR repetition count and walking independence in patients with collagen disease. The overall aim was to find a simple method for evaluating lower limb function that can be used at the bedside in the acute phase without requiring specific measuring instruments or a specific measurement time or place.
MATERIALS AND METHODS
The current study was cross-sectional by design and was performed according to the principles of the Declaration of Helsinki. We enrolled 117 collagen disease patients age more than 20 years who were able to undergo assessment. The patients were hospitalized at Hyogo College of Medicine Hospital between April 2012 and March 2017 and had requested help with rehabilitation to maintain and improve their physical function. The exclusion criteria were as follows: patients who had undergone orthopedic surgery during this hospitalization, patients with severe joint deformity, patients with apparent central nervous symptoms, patients with cognitive impairment, patients who could not walk as a result of poor respiratory or circulatory function, patients who could not walk because of pain, and patients with severe sensory disorders. After excluding patients who met the exclusion criteria and patients with insufficient data for analysis, 106 patients were finally analyzed. The study was approved by the Hyogo College of Medicine Ethics Review Committee (Approval No. 2715). Informed consent was obtained from the 106 patients on the basis that they could opt-out at a later stage if they so wished.
The following information was collected from patients' medical records: sex, age, height, body weight, body mass index (BMI), collagen disease diagnosis, comorbidities, past history, duration of hospitalization, dose of corticosteroids, and blood chemical analysis data. The following items were examined: C-reactive protein, total protein, albumin, red blood cells, hemoglobin, and creatinine. In addition, the SLR repetition count, the KES, and walking independence were assessed.
SLR Repetition Count
The SLR 13) repetition count was measured with the patient supine with their arms folded over the trunk. The participants raised their lower limb with the knee extended and the ankle dorsiflexed; the contralateral lower limb was extended on the bed. The movement counted as one repetition once leg elevation was achieved with a hip joint flexure angle of ≥30°. The activity was performed at a rate of one repetition per 2 s (the leg was raised for 1 s and placed down for 1 s). The count was continued until participants were no longer able to lift their legs or until they were no longer able to reach a hip joint angle of 30°. SLR with obvious hip external/internal rotation or obvious knee flex by knee extension lag was not counted. Measurement was performed with a maximum number of repetitions set at 30. Measurements were performed for each leg, and the largest value was used in the analysis.
Knee Extension Strength
HHDs 14) (μ-tas MT1; ANIMA Co., Tokyo, Japan) were used to measure knee extension strength (KES) as an index of lower-limb muscle strength. Measurements were made with the patient in the sitting position with the upper limbs folded in front of the chest. When the knees were flexed at approximately 90°, the sensor pad was placed on the distal part of the lower leg and the length of the fixing belt was adjusted. Isometric knee extension with maximal effort was performed for 5 s. Measurement was performed twice on each leg. The value used in the analysis was the higher of the two measurements divided by the body weight (i.e., the muscle-strength-to-body-weight ratio: kgf/kg).
Walking Independence
Walking independence was evaluated using the functional independence measure (FIM). 15) Walking ability was given a score out of 7 (1=total assistance from a helper, 2=maximal assistance from a helper, 3=moderate assistance from a helper, 4=minimal assistance from a helper, 5=supervision or setup from a helper, 6=modified independence with no helper, 7=complete independence with no helper). The use of a walker was not permitted. However, we permitted the use of aids such as canes, which are used in everyday life, to eliminate any bias resulting from allowing the use of an assistive device.
Statistical Analyses
Normality in all data was confirmed using the Shapiro-Wilk test. Correlations between the SLR repetition count and KES and between the SLR repetition count and walking independence were examined. Items that were normally distributed on an interval or proportional scale were analyzed using Pearson's correlation coefficient, and non-normally distributed variables were analyzed using Spearman's rank correlation coefficient. To avoid spurious correlations, partial correlation coefficients were calculated using the following control variables: sex, age, BMI, diagnosis, comorbidities, past history, duration of hospitalization, dose of corticosteroids, and blood chemical analysis data. Furthermore, the patients were stratified by the SLR repetition count: 0-9 (low group), 10-29 (medium group), and ≥30 (high group). Differences among the groups were then analysed. Oneway analysis of variance was performed on items that were recognized as normally distributed on an interval or proportional scale. The Kruskal-Wallis test was used when items were non-normally distributed on an ordinal scale. Statistical analysis was performed with SPSS 17.0 J (SPSS Japan, Inc., Tokyo, Japan). Statistical significance was set at P<0.05. Table 1 shows the patient characteristics, diagnoses, and measured values. The correlation coefficients between the SLR repetition count and KES/walking FIM are shown in table 2. A moderate significant correlation was found between the SLR repetition count and KES (right: Rs=0.46, P<0.01; left: Rs=0.55, P<0.01). In addition, there was a strong correlation between the maximum SLR repetition count and walking independence (Rs=0.74, P<0.01). Furthermore, differences were observed in the maximum KES and walking FIM between the three SLR repetition count groups ( Table  3 ) (P<0.01).
RESULTS

DISCUSSION
In this study, we identified significant correlations between the SLR repetition count and KES and between the SLR repetition count and walking independence. Moreover, differ-ences in the maximum KES and walking FIM were observed between the three SLR repetition count groups.
SLR requires the activity of the knee extensor muscles 16) ; therefore, it is intuitive to assume that the SLR repetition count and KES are correlated. However, because the partial correlation coefficient was lower than the correlation coefficient, this relationship may be biased by age and other individual-related factors. The SLR repetition count and walking independence were found to be strongly correlated, and the partial correlation coefficient was very similar to the correlation coefficient. Therefore, the relationship between the SLR repetition count and walking independence does not appear to be biased by patient age or other individualrelated factors. Statistically significant differences were observed among the three groups stratified according to the SLR repetition count. In particular, the KES and walking independence (FIM) in the high group were 0.40±0.13 kgf/ kg and 7 (4-7) points. Therefore, it appears that an SLR repetition count ≥30 and KES of approximately 0.4 kgf/kg will increase the likelihood of unsupported walking. Because KES affects walking ability, 17) the higher the KES, the better the walking ability. 18) SLR requires hip flexor, knee extensor, and abdominal muscle activities, 11, 12) and reflects lower limb function, thereby explaining its high correlation with walking ability.
Compared with other examinations, MMT is a simple and widely used muscle strength evaluation tool that does not require instruments. However, the interpretation of the results is somewhat subjective. In particular, when muscle strength is 3-5 in terms of MMT, the results can be hard to accurately assess. 19) In contrast, SLR is easy to quantify as the number of repetitions and is considered to be more objective than MMT. HHDs are small, portable, and inexpensive compared to isokinetic dynamometers. HHDs are also reported to be reliable. 20) However, the measurement instrument itself is necessary and it is required to perform measurements with the patient in the sitting position. 21) In contrast, the SLR repetition count does not require evaluation equipment and it is not necessary for patients to be in the sitting position.
The SLR repetition count can be measured with the patient in the supine position on a bed. The CS-30 test is often impractical because many elderly people cannot stand up repeatedly with their arms folded. 22) In contrast, the SLR repetition count can be used for elderly people who cannot stand up from a chair because it can be easily performed on a bed, regardless of the mobility of the patient. The TUG test requires a space of at least 3 m and can sometimes be difficult to measure at the bedside. However, SLR can even 
STUDY LIMITATIONS
There are several limitations to the current study. First, we employed a cross-sectional design and examined only the relevance of the SLR repetition count to walking independence. It will be necessary to verify the predictors of walking independence in a longitudinal study in the future. Second, because enrolment in the study was not targeted at inpatients with all types of collagen disease and because we only included patients who were referred for rehabilitation and were able to perform measurement procedures, some selection bias might have been introduced. Third, although the participants had various diagnoses, the specific characteristics of the diseases were not considered. However, when calculating partial correlation coefficients, the diagnosis was input as a control variable. Fourth, because it was difficult to identify the definite time of diagnosis from the medical records, it was not possible to clarify the history of the diagnosis in each case. Finally, the inter-rater reliability of the SLR repetition count has not been evaluated. Therefore, we should consider the inter-rater reliability in future studies.
CONCLUSIONS
The SLR repetition count is related to KES and walking independence. Measurement of the SLR repetition count is simple and does not require special equipment. This method can be used in the clinical setting for the assessment of lower limb strength and walking independence. Low group: SLR repetition count 0-9 times, medium group: 10-29 times, high group: ≥30 times.
